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(54) Valve performance control apparatus for Internal combustion engine 


(57) An apparatus for controlling valve performance 
of an internal combustion engine. The apparatus 
includes a first changing means for changing the valve 
performance of an intake valve. The first changing 
means is actuated by fluid pressure. A second changing 
means changes the valve performance of an exhaust 
valve. The second changing means is actuated by the 
fluid pressure. A fluid source is connected with the first 
changing means and the second changing means to 
supply fluid to the first changing means and the second 
changing means. An adjusting means adjusts the 
amount of the fluid supplied from the fluid source to the 
first changing means and the second changing means. 

Fig.1 


A detecting means detects the running condition of the 
engine. A control means controls the adjusting means 
to change each valve performance so as to coincide the 
engine torque with the desired engine torque. The con- 
trol means includes selecting means for selecting one of 
the valves based on the detected running condition of 
the engine. The selected valve is capable of coinciding 
the engine torque with the desired torque faster than the 
other one of valves to allow a larger amount of the fluid 
supplied to one of the changing means that is associ- 
ated with the selected valve than the other one of the 
changing means. 
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Description 

The present invention relates to a valve perform- 
ance control apparatus for an internal combustion 
engine, which controls the valve performance of intake 
valves and exhaust valves provided in an internal com- 
bustion engine, such as the opening and closing timings 
of the valves, in accordance with the running condition 
of the engine. 

Each intake valve or exhaust valve in an internal 
combustion engine is reciprocatively driven by the rota- 
tion of the camshaft to periodically open and close the 
associated intake port or exhaust port, which is commu- 
nicates with the associated combustion chamber of the 
engine. As the intake valve opens, air-fuel mixture is 
drawn into the combustion chamber through the intake 
port The gas produced by combustion in the combus- 
tion chamber is discharged from the chamber through 
the exhaust port as the exhaust valve opens. 

In a typical internal combustion engine, the times at 
which the individual ports are opened and closed by the 
associated valves are determined by the profiles of the 
cams of the associated camshafts. 

To improve the output power or the performance of 
an internal combustion engine, some schemes have 
recently been proposed to alter the timing of opening 
and closing the valves, i.e., the valve timing, in accord- 
ance with the running condition of the engine. Japanese 
Unexamined Patent Publication No. 4-228843 discloses 
an example of such an intake/exhaust control apparatus 
for an internal combustion engine. 

The control apparatus will be discussed below. As 
shown in the schematic structural diagram of Figure 15, 
the control apparatus includes an intake camshaft 101 , 
an exhaust camshaft 102, variable valve timing (WT) 
mechanisms 103, 104, which are respectively provided 
on the ends of the camshafts 1 01 , 1 02, a hydraulic pres- 
sure circuit 105 for supplying oil into the WTs 103, 1 04, 
and an electronic control unit (ECU) 108. 

Pulleys 109, 1 10 of the WTs 103, 104 are respec- 
tively coupled to the crankshaft (not shown) of an 
engine (not shown) via a timing belt (not shown). The 
pulleys 109, 1 1 0 transmit the torque of the crankshaft to 
the camshafts 101, 102, respectively 

Each camshaft 101, 102 has a plurality of came 
111, 112, respectively, which cause the reciprocative 
motion of the corresponding intake valve or the exhaust 
valve in accordance with the rotation of the camshafts 
101, 102. The intake valve or the exhaust valve opens 
and closes the corresponding intake port (not shown) or 
the exhaust port (not shown). 

Each WT 103, 104 has a pair of pressure cham- 
bers (not shown) formed therein where oil is supplied 
via the hydraulic pressure circuit 1 05. The pressure of 
the oil supplied to the pressure chambers causes the 
associated WT 103, 104 to rotate relative to the pulley 
109, 110 of the associated camshaft 101, 102. As a 
result, the relative rotational phase of the camshaft 101 , 
102 with respect to the crankshaft changes and alters 


the value timing of the associated intake valve or the 
exhaust valve. 

The hydraulic pressure circuit 105 has an oil pan 
1 13 for retaining oil, an oil pump 114, which is driven by 

s the crankshaft (not shown) of the engine, and an oil filter 
115. The oil pump 114 supplies the oil in the oil pan 113 
to the individual pressure chambers of the WT 103, 
104 via respective passages 106a, 106b and 106c, 
106d. Electromagnetic valves 107a, 107b, 107c ( 107d 

10 are arranged in the passages 106a, 106b, 106c, 106d, 
respectively, to open and close the associated pas- 
sages 106a-106d and adjust the amount of oil to be 
supplied to the individual pressure chambers. 

various sensors 116, including an engine speed 

is sensor, output detection signals to the ECU 108 in 
accordance with the running condition of the engine 
(not shown). The ECU 108 controls the individual elec- 
tromagnetic valves 107a-107d based on the detection 
signals. This enables the control apparatus to optimize 

20 the valve timing of each valve in accordance with the 
running condition of the engine. 

The control apparatus supplies oil to the WTs 103, 
104 from the common oil pump 114. Therefore, the 
amount of oil supplied to each WT 103, 104 when oil is 

25 supplied to both WTs 103, 104 to drive the WTs 103, 
104, simultaneously, is reduced as compared with the 
case where only one of the WTs 103, 104 is driven. 
Accordingly, the amount of oil supplied to the WTs 1 03, 
104 may sometimes be insufficient. This may slow the 

so operational speed of the WTs 103, 104 and thus may 
slow the speed of altering the valve timing of the individ- 
ual valves. Therefore, it may be difficult to quickly 
change the valve timing of each valve to the optimal tim- 
ing in response to a change in the running condition of 

35 the engine. This may slow the valve timing control 
response. 

As a solution to this shortcoming, the discharge 
performance of the on pump 114 (the discharge amount 
per unit time) may be increased to prevent the valve tim- 

40 ing control response from becoming slow. Since the oil 
pump 114 is normally driven by the crankshaft, this 
structure increases the driving resistance of the crank- 
shaft, reducing the net output of the engine. The struc- 
ture further results in a larger oil pump 114. This leads 

45 to a larger engine. 

Accordingly, it is an objective of the present inven- 
tion to provide a valve performance control apparatus 
for an internal combustion engine, which has a pair of 
mechanisms for changing the valve performance of 

so intake valves and exhaust valves in an internal combus- 
tion engine, and supplies fluid to both mechanisms from 
a common fluid source to drive the mechanisms to 
thereby control the valve performance of the individual 
valves, and which has an improved control response 

55 characteristic without increasing the driving resistance 
of the crankshaft or enlarging the fluid source. 

To achieve the above objective, the present inven- 
tion provides an apparatus for controlling valve perform- 
ance of an internal combustion engine. The engine has 
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a combustion chamber communicating with an air 
intake passage and an air exhaust passage. The intake 
passage has an air intake valve that is selectively 
opened and closed to control airflow passing in the 
intake passage to the combustion chamber. The 
exhaust passage has an air exhaust valve that is selec- 
tively opened and closed to control exhaust gas flow 
passing in the exhaust passage from the combustion 
chamber. Each of the valves is actuated by a camshaft 
based on valve performance affecting opening and clos- 
ing timing and a lift amount of the valve. The apparatus 
includes a first changing means for changing the valve 
performance of the intake valve. The first changing 
means is actuated by fluid pressure. A second changing 
means changes the valve performance of the exhaust 
valve. The second changing means is actuated by the 
fluid pressure. A fluid source is connected with the first 
changing means and the second changing means to 
supply fluid to the first changing means and the second 
changing means. An adjusting means adjusts the 
amount of the fluid supplied from the fluid source to the 
first changing means and the second changing means. 
A detecting means detects the running condition of the 
engine. A control means controls the adjusting means 
to change each valve performance so as to coincide the 
engine torque with the desired engine torque. The con- 
trol means includes selecting means for selecting one of 
the valves based on the detected running condition of 
the engine. The selected valve is capable of coinciding 
the engine torque with the desired torque faster than the 
other one of values to allow a larger amount of the fluid 
supplied to one of the changing means that is associ- 
ated with the selected valve than the other one of the 
changing means. 

Other aspects and advantages of the invention will 
become apparent from the following description, taken 
in conjunction with the accompanying drawings, illus- 
trating by way of example the principals of the invention. 

The invention, together with objects and advan- 
tages thereof, may best be understood by reference to 
the following description of the presently preferred 
embodiments together with the accompanying draw- 
ings. 

Figure 1 is a schematic structural diagram illustrat- 
ing a first embodiment of an engine system accord- 
ing to a first embodiment of the present invention; 

Figure 2 is a cross-sectional view showing the 
intake-side WT; 

Figure 3 is a cross-sectional view showing the 
intake-side oil control valve (OCV); 

Figure 4 is a cross-sectional view showing the 
exhaust-side OCV; 

Figure 5 is a flowchart illustrating individual proc- 
esses in the WT control routine of the first embod- 


iment; 

Figure 6 is a graph showing the relation between 
the deviation and the compensation deviation; 

5 

Figure 7 is a graph showing the relation between 
the final deviation and the duty ratio; 

Figure 8 is a timing chart showing the time-depend- 
io ent behaviors of parameters such as the amount of 
oil supplied to each WT and the displacement 
angle; 

Figure 9 is an explanatory diagram for explaining 
is the operation of the first embodiment; 

Figure 10 is a graph showing a time-dependent 
change in the output torque; 

20 Figure 1 1 is a flowchart illustrating individual proc- 
esses in the WT control routine of a second 
embodiment according to the present invention; 

Figure 12 is an explanatory diagram for explaining 
25 the operation of the second embodiment; 

Figure 13 is a graph showing the relation between 
the final deviation and the duty ratio in a further 
embodiment according to the present invention; 

30 

Figure 14 is a timing chart showing the time- 
dependent behaviors of parameters such at the 
amount of oil to be supplied to each WT and the 
displacement angle of the second embodiment; 
35 and 

Figure 1 5 is a schematic system structural diagram 
of an intake/exhaust control apparatus for an inter- 
nal combustion engine in the prior art. 

40 

First Embodiment 

A first embodiment of a valve performance control 
apparatus according to the present invention and 

45 applied to a gasoline engine for a vehicle will now be 
described referring to Figures 1 through 10. 

Figure 1 shows the schematic structure of a gaso- 
line engine 10. As shown in Figure 1, the engine 10 
includes an intake camshaft 1 1 , an exhaust camshaft 

so 12, intake-side and exhaust-side variable valve timing 
mechanisms (hereinafter referred to as intake WT and 
exhaust WT) 13, 14. which are provided on the cam- 
shafts 11, 12, respectively, a crankshaft 15, and an elec- 
tronic control unit (ECU) 16 for controlling the WTs 13, 

55 14. 

The engine 1 0 has a cylinder block 1 7, an oil pan 1 8 
fixed to the bottom of the cylinder block 1 7, and a cylin- 
der head 19 fixed to the top of the block 17. The oil pan 
18 retains lubrication oil which is supplied to the individ- 
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ual sections of the engine 10. The cylinder block 17 has 
a plurality of cyfinders 20 each having a combustion 
chamber 20a. While there are a total off four cylinders 20 
in this embodiment, only one of them is illustrated in Fig- 
ure 1. 

The cylinder block 1 7 supports the crankshaft 15 in 
a rotational manner. A piston 21 located in each cylinder 
20 is coupled via a connecting rod 22 to the crankshaft 
15, which rotates as the pistons 21 move up and down. 

The cylinder head 1 9 has a plurality of intake valves 
23 and exhaust valves 24 in association with the individ- 
ual cylinders 20, and the intake ports 25a and exhaust 
ports 26a communicate with the associated combustion 
chambers 20a. Each intake port 25a is connected to an 
intake passage 25 and each exhaust port 26a is con- 
nected to an exhaust passage 26. The intake valves 23 
and the exhaust valves 24 selectively open and close 
the associated intake and exhaust ports 25a, 26a. 

The cylinder head 19 rotatably supports the intake 
camshaft 11 and the exhaust camshaft 12, which is 
arranged parallel to the shaft 1 1 . The intake camshaft 
1 1 and exhaust camshaft 12 have a plurality of pairs of 
cams 27, 28, respectively; which are provided at prede- 
termined intervals in the axial direction. As the cam- 
shafts 11,12 rotate, the earns 27, 28 cause the intake 
valves 23 and the exhaust valves 24 to reciprocate. 

The WTs 13, 14 provided on the ends of the cam- 
shafts 11,12, respectively, function to change the timing 
of opening and closing the associated valves 23, 24, 
that is. the valve timing. 

Figure 2 shows the cross section of the intake cam- 
shaft 1 1 and the exhaust WT 13. The structure of the 
exhaust camshaft 12 and the exhaust WT 14 is the 
same as that of the intake camshaft 1 1 and the intake 
WT 13. Thus, the exhaust camshaft 12 and the exhaust 
WT will not be described below to avoid redundant 
description. 

The intake WT 1 3 has a pulley 30, an inner cap 31 , 
a cover 32, and a ring gear 33. The cylinder head 19 
and a bearing cap 34 rotatably support a journal 1 1a of 
the intake camshaft 1 1 . The pulley 30 has a disk portion 
301 , a plurality of external teeth 35 formed on the outer 
periphery of the disk portion 301 , and a boss 36 formed 
in the center of the disk portion 301. The pulley 30 is 
rotatably coupled to the boss 36 at the distal end portion 
(the left side as viewed in Figure 2) of the intake cam- 
shaft 11. 

A timing belt 37 is wound around the outer teeth 35 
of the pulley 30 and connected to a pulley 38 of the 
exhaust WT 1 4 and a crank pulley 39 of the crankshaft 
15, as shown in Figure 1. The torque of the crankshaft 
15 is transmitted to the pulleys 38, 30 via the crank pul- 
ley 39 and the timing belt 37, and further transmitted to 
both camshafts 1 1 , 12 via the pulleys 38, 30. 

The cover 32 is cup shaped. The cover 32 covers 
the disk portion 301 of the pulley 30 and the cfistal end 
portion of the intake camshaft 1 1. A hole 323 is formed 
in the center of the cover 32. This hole 323 is closed by 
a cap 324. The cover 32 is fixed to the disk portion 301 


by a plurality of pins 321 and bolts 322, so that the pul- 
ley 30 and the cover 32 rotate together. 

A plurality of inner teeth 40 are formed on the inner 
periphery of the cover 32. The inner teeth 40 are helical 
5 teeth and are inclined by a predetermined angle with 
respect to the axis L of the intake camshaft 1 1 . 

The inner cap 31 is attached to the distal end of the 
intake camshaft 11 by a hollow bolt 41. The inner cap 31 
is secured to the intake camshaft 1 1 by a pin 41 1 . so 
10 that the inner cap 31 and the intake camshaft 1 1 rotate 
integrally. 

Formed on the outer periphery of the inner cap 31 
are a plurality of external helical teeth 42 which are sim- 
ilar to the inner teeth 40 of the cover 32. 

15 The ring gear 33 is placed in an annular space 43 
defined between the pulley 30, the cover 32, and the 
inner cap 31. Inner helical teeth 45 and external helical 
teeth 46, similar to the inner teeth 40, are formed on the 
inner periphery and the outer periphery of the ring gear 

2t> 33. The inner teeth 45 engage with the external teeth 42 
of the inner cap 31, and the external teeth 46 engage 
with the inner teeth 40 of the cover 32. The torque trans- 
mitted to the pulley 30 is therefore transmitted to the 
intake camshaft 1 1 via the ring gear 33 and the inner 

25 cap 31. 

The ring gear 33 partitions the space 43 into two 
pressure chambers 50 and 52. The distal end portion 
(left side as viewed in Figure 2) of the space 43 with 
respect to the ring gear 33 forms the first pressure 

so chamber 50, while the proximal end portion (right aide 
as viewed in Figure 2) of the space 43 with respect to 
the ring gear 33 forms the second pressure chamber 
52. The inner cap 31, the cover 32, the cap 324, and the 
hollow bolt 41 form a space 325, which communicates 

35 with the first pressure chamber 50. 

A first pressure passage 51 and a second pressure 
passage 53 for supplying oil to the first pressure cham- 
ber 50 and the second pressure chamber 52 will now be 
described. 

40 A pair of oil holes 54, 55 are formed in the bearing 
cap 34. The oil holes 54, 55 are connected to an intake- 
side oil control valve (hereinafter referred to as intake 
CCV) 60 by associated oil passages 56, 57. 

An oil groove 63 is formed extending around the 

45 entire journal 1 1 a of the camshaft 1 1 . The oil groove 63 
is connected to the oil hole 54. The oil hole 54 is located 
at the proximal end side (right side as viewed in Figure 
2) of the oil hole 55. An oil passage 64, which communi- 
cates with the oil groove 63, is defined in the intake 

so camshaft 1 1. A center hole 65 extends through the bolt 
41 axial ly. The center hole 65 connects the oil passage 
64 to the space 325. The ofl passage 56. the oil hole 54. 
the oil groove 63, the oil passage 64, the center hole 65, 
and the space 325 constitute the first pressure passage 

55 51. 

Another oil groove 66 is formed extending around 
the entire journal 1 1a of the camshaft 1 1 at a position 
closer to the distal end of the camshaft 1 1 than the oil 
groove 63. The oil groove 66 is connected to the oil hole 
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55. The oil hole 55 is located at the distal end side (left 
side as viewed in Figure 2) of the oil hole 54. Another oil 
passage 67, which communicates with the oil groove 
66, is formed in the intake camshaft 1 1 . The oil passage 
67 is connected to the second pressure chamber 52 via 5 
a space 31 1 , which is defined between the inner cap 31 . 
the distal end portion of the intake camshaft 1 1 . and the 
boss 36 of the pulley 30. The oil passage 57, the oil hole 

55, the oil groove 66, the oil passage 67. and the space 

31 1 constitute the second pressure passage 53. to 

A structure for supplying oil to the first pressure 
passage 51 and the second pressure passage 53 will 
now be described. 

As shown in Figure 1 . an oil pump 62 is connected 
to the crankshaft 1 5 so that it is driven by the rotation of 15 
the crankshaft 15. The oil pump 62 draws in oil that is 
retained in the oil pan 18 and forces the oil to the intake 
OCV 60 via a discharge passage 59. An oil filter 61 is 
disposed in the discharge passage 59 to sieve out for- 
eign matter contained in the oil. 20 

The intake OCV 60 serves to adjust the amount of 
oil (the level of the hydraulic pressure) supplied to the 
pressure chambers 50, 52 via the first and second pres- 
sure passages 51. 53. The intake OCV 60 has a sub- 
stantially cylindrical casing 70 and a spool 75, which is ss 
reciprocally retained in the casing 70. The intake OCV 
60 further includes an electromagnetic solenoid 79, 
which reciprocates the spool 75 and which is located at 
the rear side (right side as viewed in Figure 2) of the 
casing 70, and a spring 78, which is located at the front 30 
side (left side as viewed in Figure 2) of the casing 70 to 
normally urge the spool 75 rearward. 

The casing 70 has a tank port 71 , a pair of reservoir 
ports 72a, 72b. and a pair of discharge ports 73, 74. The 
tank port 71 is connected to the oil pump 62 via the dis- 35 
charge passage 59. The reservoir ports 72a, 72b are 
connected to the oil pan 18 via drain passages 58a, 
58b, respectively. The discharge ports 73, 74 are sup- 
plied to the oil holes 54, 55, which are formed in the 
bearing cap 34, by way of the associated oil passages 40 

56, 57. 

The spool 75 has four lands 76 one of which blocks 
the flow of oil between each of the pairs of ports 71 , 73; 
71, 74; 73, 72a; and 74, 72b. The spool 75 has three 
passages 77a, 77b, and 77c extending between the 45 
adjacent lands 76. The passages 77a to 77c connect 
the ports 71, 73; 71, 74; 73, 72a; and 74, 72b to permit 
the flow of oil. 

The spool 75 moves to a position where the forward 
urging force of the electromagnetic solenoid 79 is bal- so 
anced with the rearward urging force of the spring 78. 
The urging force generated by the solenoid 79 is deter- 
mined by the duty ratio of an exciting signal input to the 
solenoid 79. As the spool 75 moves to a predetermined 
position in accordance with the duty ratio, the connected 55 
state off the ports 71-74 is altered. The level of the 
hydraulic pressure communicated to the first and sec- 
ond pressure chambers 50. 52 is adjusted by altering 
the connected states of the individual ports 71-74 in this 


manner. 

As shown in Figure 1 , the exhaust WT 14 provided 
on the exhaust camshaft 12 is connected to the oil 
pump 62 by the discharge passage 59 via the oil filter 61 
in the same manner as the intake WT 13. An exhaust 
OCV 80, which communicates with the discharge pas- 
sage 59, has the same structure as the intake OCV 60, 
and adjusts the amount of oil (the levels of the hydraulic 
pressure) supplied from the oil pump 62 to the first and 
second pressure chambers (not shown) of the exhaust 
WT14. 

As shown in Figure 1, the engine 10 is provided 
with sensors 81 , 82, 83, 84 to detect the running condi- 
tion of the engine 10. 

Cam angle sensors 81, 82 are respectively pro- 
vided with rotors 81a, 82a, which rotate integrally with 
the intake and exhaust camshafts 11, 12, and electro- 
magnetic pickups 81b, 82b, which are opposed to the 
rotors 81a, 82a. The rotors 81a, 82a are disk-shaped 
magnetic bodies each having multiple teeth projecting 
from their outer peripheries. The electromagnetic pick- 
ups 81 b r 82b output cam angle pulse signals SGIN2, 
SGEX2 each time the teeth of the rotors 81a, 82a pass 
by the pickups 81 b, 82b as the camshafts 11,12 rotate. 

The crank angle sensor 83 has a rotor 83a, which 
rotates together with the crankshaft 15, and an electro- 
magnetic pickup 83b facing the rotor 83a. The rotor 83a 
is formed of a disk-shaped magnetic body having multi- 
ple teeth formed at the outer periphery. The electromag- 
netic pickup 83b outputs a crank angle pulse signal SG1 
every time a tooth of the rotor 83a passes by the pickup 
83b as the crankshaft 15 rotates. 

The intake pressure sensor 84 arranged in the 
intake passage 25 detects the pressure in the passage 
25 by comparing the pressure to a vacuum state. The 
pressure in the intake passage is hereafter referred to 
as the manifold pressure PM. 

The ECU 16 controls the OCVs 60 and 80 based on 
detection signals from the sensors 81-84. The ECU 16 
includes a central processing unit (CPU) 85, a read only 
memory (ROM) 86, a random access memory (RAM) 
87, a backup RAM 88, an input interface circuit 89, and 
an output interface circuit 90. A bus 91 connects the 
interface circuits 89 and 90 to each other. 

Predetermined control programs and initial data are 
stored in the ROM 86. For example, a program for con- 
trolling the valve timing is stored in the ROM 86. The 
CPU 85 executes various processes in accordance with 
the control programs and initial data stored in the ROM 
86. The RAM 87 temporarily stores the results of the 
processing performod by the CPU 85. The backup RAM 
88 holds various data In the RAM 87 even after the sup- 
ply of power to the ECU 16 is stopped. 

The cam angle sensors 81, 82, the crank angle 
sensor 83, and the intake pressure sensor 84 are elec- 
trically connected to the input interlace circuit 89. The 
OCVs 60, 80 are electrically connected to the output 
interface circuit 90. The ECU 16 computes the speed 
NE of the engine 10, displacement angles VT1, VT2 of 
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the respective camshafts 1 1 , 12 and other parameters 
based on the detection signals input to the input inter- 
face circuit 89 from the sensors 81-84. The ECU 16 
controls the OCVs 60, 80 based on the computed val- 
ues. 

For instance, the ECU 16 measures the pulse inter- 
val of the crank angle signal SGI output from the crank 
angle sensor 83 to compute the number of rotations of 
the crankshaft 15 per unit time, or the engine speed NE 
of the engine 10. Based on the cam angle signals 
SGIN2, SGEX2 and the crank angle signal SG1. the 
ECU 16 computes the relative rotational phases of the 
intake and exhaust camshafts 11, 12 with respect to the 
crankshaft 15, i.e., the displacement angles VT1, VT2. 
The displacement angles VT1, VT2 correspond to the 
altered rotational angle of the intake and exhaust cam- 
shafts 11, 12, which are altered by the WTs 13, 14 in 
order to adjust the valve timing of the intake and 
exhaust valves 23, 24, respectively. 

The ECU 1 6 controls the level of the hydraulic pres- 
sure supplied to the first pressure chamber 50 and the 
second pressure chamber 52 of the intake WT 13 by 
changing the duty ratio DVT1 of the exciting signal, 
which is sent to the electromagnetic solenoid 79, within 
the range of 0% to 100%. The ECU 1 6 alters the valve 
timing of the intake valve 23 by controlling the hydraulic 
pressure in the pressure chambers 50, 52. 

For example, the ECU 16 excites the electromag- 
netic solenoid 79 to move the spool 75 forward against 
the urging force of the spring 78 by holding the duty ratio 
DVT1 at a value greater than 50%. This moves the 
spool 75 to a timing advancing position, as shewn in 
Figure 3. 

When the spool 75 reaches the advancing position, 
the tank port 71 and the discharge part 73 are con- 
nected by the passage 77b. This supplies the oil dis- 
charged from the oil pump 62 to the first pressure 
chamber 50 via the discharge passage 59 and the first 
pressure passage 51 . Accordingly, the hydraulic pres- 
sure in the first pressure chamber 50 increases. 

Furthermore, when the spool 75 reaches the 
advancing position, the discharge port 74 and the reser- 
voir port 72b are connected by the passage 77a This 
allows the oil in the second pressure chamber 52 to 
return to the ofl pan 18 via the second pressure pas- 
sage 53 and the drain passage 58b. This decreases the 
hydraulic pressure in the second pressure chamber 52. 

Consequently, the hydraulic pressure applied to the 
ring gear 33 through the first pressure chamber 50 
becomes greater than the hydraulic pressure applied to 
the gear 33 through the second pressure chamber 52. 
This moves the ring gear 33 toward the proximal end 
(right side as viewed in Figure 2) of the Intake camshaft 
1 1 as the gear 33 rotates. As a result, torque is applied 
to the cap 31 thus rotating the inner cap 31 with respect 
to the pulley 30. The inner cap 31 and the intake cam- 
shaft 11 therefore rotate with respect to the pulley 30. 
The relative rotation changes the rotational phase of the 
intake camshaft 1 1 with respect to the puDey 30 and 


advances the valve timing of the intake valve 23. 

When advancing the valve timing of the intake valve 
23 in this manner, an increase in the duty ratio DVT1 
results in a decrease in the portion of the discharge port 

5 73 closed by the associated land 76. This increases the 
area of the opening of the port 73. As a result, the 
amount of oil supplied to the first pressure chamber 50 
of the intake WT 13 increases. This increases the 
speed of advancing the valve timing. 

io The ECU 1 6 moves the spool 75 rearward using the 
urging force of the spring 78 by exciting the electromag- 
netic solenoid 79 with the duty ratio DVT1 maintained at 
a value smaller than 50%. This causes the spool 75 to 
move to a timing delaying position, as shown in Figure 

is 2. 

When the spool 75 reaches the delaying position, 
the tank port 71 and the discharge port 74 are con- 
nected by the passage 77b. Consequently, the oil dis- 
charged from the oil pump 62 is supplied to the second 

20 pressure chamber 52 via the discharge passage 59 and 
the second pressure passage 53. This increases the 
hydraulic pressure in the second pressure chamber 52. 

Furthermore, when the spool 75 reaches the delay- 
ing position, the discharge port 73 and the reservoir port 

25 72a are connected by the passage 77a. This allows the 
oil in the first pressure chamber 50 to return to the oil 
pan 18 via the first pressure passage 51 and the drain 
passage 58a. This decreases the hydraulic pressure in 
the first pressure chamber 50. 

30 Consequently, the hydraulic pressure applied to the 
ring gear 33 through the second pressure chamber 52 
becomes greater than the hydraulic pressure applied to 
the gear 33 through the first pressure chamber 50. This 
moves the ring gear 33 toward the distal end (the left 

35 side as viewed in Figure 2) of the intake camshaft 1 1 as 
the gear 33 rotates. As a result, torque is applied to the 
inner cap 31 thus rotating the cap 31 with respect to the 
pulley 30. The inner cap 31 and the intake camshaft 1 1 
therefore rotate with respect to the pulley 30. The rela- 

40 trve rotation changes the rotational phase of the intake 
camshaft 1 1 with respect to the pulley 30 and delays the 
valve timing of the intake valve 23. 

When delaying the valve timing of the intake valve 
23 in this manner, a decrease in the duty ratio DVT1 

45 results in a decrease in the portion of the discharge port 
74 that is closed by the associated land 76. This 
increases the area of the opening of the port 74. As a 
result, the amount of oil supplied to the second pressure 
chamber 52 of the intake WT 13 increases. This 

so increases the speed of delaying the valve timing. 

The ECU 16 moves the spool 75 to a middle posi- 
tion between the advancing position and the delaying 
position by exciting the electromagnetic solenoid 79 
with the duty ratio DVT1 maintained at 50%. (This ratio 

55 will hereafter be referred to as sustaining duty ratio 
DVTH.) As a result, the spool 75 moves to a sustaining 
position, as shown in Figure 4. 

When the spool 75 reaches the sustaining position, 
the discharge ports 73, 74 are closed by the associated 
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lands 76. Therefore, oil is neither supplied to nor dis- 
charged from the pressure chambers 50, 52. The ring 
gear 33 is thus held by the hydraulic pressures of the 
pressure chambers 50, 52. This maintains the current 
valve timing of the intake valve 23. 

As described above, the intake WT 13 is capable 
of continuously varying the valve timing of the intake 
valve 23 with the desirable speed and is also capable of 
maintaining a desirable timing. 

In the same manner, the exhaust WT 1 4 is capable 
of continuously varying the valve timing of the exhaust 
valve 24 with the desirable speed and also capable of 
maintaining the desirable timing by changing the duty 
ratio DVT2 of the electromagnetic solenoid (not shown) 
employed in the exhaust OC V 80. 

Control procedures for controlling the valve timing 
according to this embodiment wilt now be discussed 
with reference to the flowchart in Figure 5. Figure 5 illus- 
trates the individual processes in a valve timing control 
routine (hereafter referred to as the WT control rou- 
tine). The ECU 16 executes the routine in a cyclic man- 
ner with a predetermined time interval between each 
cycle. 

In step 100, the ECU 16 reads the crank angle sig- 
nal SG1 , the cam angle signals SGIN2, SGEX2, and the 
manifold pressure PM that are detected by the crank 
angle sensor 83, the cam angle sensors 81 , 82, and the 
intake pressure sensor 84, respectively. 

In step 101, the ECU 16 computes the engine 
speed NE based on the crank angle signal SG1, and 
computes the displacement angles VT1, VT2 of the 
associated camshafts 11,12 based on the signal SG1 
and the cam angle signals SGIN2, SGEX2. 

In step 102, the ECU 16 computes target displace- 
ment angles VTT1, VTT2 of the associated camshafts 
11, 12 in accordance with the engine speed NE and the 
manifold pressure PM. The ECU 16 also refers to func- 
tion data stored in the ROM 86. In this embodiment, the 
function data is set so as to maximize the output torque 
of the engine 10 when the displacement angles VT1, 
VT2 become equal to the target displacement angles 
VTT1, VTT2, respectively, in correspondence with the 
running condition of the engine 1 0. 

In step 1 03, the ECU 1 6 subtracts the displacement 
angles VT1 , VT2 from the target displacement angles 
VTT1, VTT2. respectively to compute the deviation 
AVT1 between the displacement angles VTT1 , VT1 and 
the deviation AVT2 between the displacement angles 
VTT2, VT2. 

In step 104, the ECU 16 computes compensation 
deviations AVTK1 , AVTK2 that correspond to the devia- 
tions AVT1. AVT2, respectively. The ECU 16 also refers 
to function data stored in the ROM 86. This function 
data differs from the aforementioned function data. 

Figure 6 shows a graph representing the function 
data. The solid line indicates the relation between the 
deviation AVT1 and the compensation deviation AVTK1 
for the intake camshaft 11, and the single dotted line 
indicates the relation between the deviation AVT2 and 


the compensation deviation AVTK2 for the exhaust cam- 
shaft 12. 

It is apparent from the graph that as the deviations 
AVT1, AVT2 increases, the compensation deviations 

5 AVTK1 , AVTK2 increase. The increase rate of the com- 
pensation deviation AVTK1 with respect to the deviation 
AVT1 , or the inclination of the solid line, is greater than 
the increase rate of the compensation deviation AVTK2 
with respect to the deviation AVT2, or the inclination of 

w single-dotted line. Accordingly, the compensation devia- 
tion AVTK1 corresponding to the deviation AVT1 is set 
larger than the compensation deviation AVTK2 corre- 
sponding to the deviation AVT2 even if the deviations 
AVT1, AVT2 are equal to each other. In this embodi- 

1$ ment, as apparent from the above, the deviations AVT1 , 
AVT2 are set so that the compensation deviation AVTK1 
of the intake camshaft 11 becomes larger while the 
compensation deviation AVTK2 of the exhaust camshaft 
12 becomes smaller when carrying out step 1 04. 

20 The valve timings of the intake valve 23 and the 
exhaust valve 24 influence the characteristics of the 
engine 10. H is generally known that the valve timing of 
the intake valve 23 greatly contributes to the enhance- 
ment of the output torque of the engine 1 0 and to the 

25 improvement of the fuel consumption. The valve timing 
of the exhaust valve 24 significantly contributes to sup- 
pressing undesirable engine emissions. 

With regard to the function data shown in Figure 6, 
the inclinations of the solid line and the single dotted- 

30 line are determined based on the contribution ratio of 
the valve timings with respect to a change in the output 
torque of the engine 10, that is, the change in the output 
torque, when the individual valve timings are varied by a 
predetermined level. Since the valve timing of the intake 

35 varve 23 contributes to increasing the output torque 
more than the valve timing of the exhaust valve 24, the 
inclination of the solid line is set y eater than the inclina- 
tion of the single dotted line in Figure 6. 

In step 105, the ECU 16 determines whether the 

40 absolute value [AVTK1 1 of the compensation deviation 
AVTK1 is equal to or greater than the absolute value 
[AVTK2| of the compensation deviation AVTK2. When 
the condition in step 105 is satisfied QAVTK1 1 £ 
|AVTK2D, the ECU 16 proceeds to step 106. 

45 In step 106, the ECU 16 sets the final deviation 
AVTFIN1 to a value equal to the compensation deviation 
AVTK1 and computes the final deviation AVTFIN2 from 
the following equation (1). 

so AVTFIN2 » (AVTK2/AVTK1 1 ♦ AVTK2 (1) 

Since the value |AVTK2/AVTK1 1 in the equation (1) 
is equal to or smaller than "1", the value of the com- 
puted final deviation AVTFIN2 is equal to or smaller than 
55 the compensation deviation AVTK2. The small value of 
the computed final deviation AVTFIN2 restricts the 
amount of oil supplied to the exhaust WT 14. 

When the condition in step 105 is not satisfied 
(|AVTK1 1 < |AVTK2|). the ECU 16 proceeds to step 109. 
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In step 109, the ECU 16 sets the final deviation 
AVTFIN2 as a value equal to the compensation devia- 
tion AVTK2 and computes the final deviation AVTFIN1 
from the following equation (2). 

AVTFIN1 = |AVTK1/AVTK2| • AVTK1 (2) 

Since the value |AVTK1/AVTK2| in the elation (2) is 
smaller than "l", the final deviation AVTFIN1 is smaller 
than the compensation deviation AVTKi. The small 
value of the computed final deviation AVTFIN1 restricts 
the amount of oil supplied to the intake WT 13. 

After computing the final deviations AVTFIN1, 
AVTFIN2 in either one of the steps 106, 109, the ECU 
1 6 proceeds to step 1 07. 

In step 107, the ECU 16 computes the duty ratios 
DVT1, DVT2 corresponding to the final deviations 
AVTFIN1 , AVTFIN2. Trie ECU 16 also refers to function 
data stored in the ROM 86. Figure 7 shows a graph rep- 
resenting the function data. As apparent from this 
graph, the duty ratios DVT1 , DVT2 increase as the final 
deviations AVTFIN1, AVTFIN2 increase. 

In step 108, the ECU 16 sends exciting signals 
VS1 , VS2 corresponding to the duty ratios DVT1 , DVT2 
to the OCVs 60, 80, respectively As a result, the WTs 
13, 14 are actuated to advance or delay the valve tim- 
ings of the valves 23 and 24 or to sustain the current 
valve timings. After executing step 108, the ECU 16 
temporarily terminates the routine. 

The operation of this embodiment when advancing 
the valve timing will now be described. It is assumed 
that the displacement angles VT1 , VT2 are increased to 
the target displacement angles VTT1, VTT2 
( VTTl = VTT2 = 4a ) from the same predetermined 
value of 2a (a > 0). 

Figure 8 is a timing chart showing time-dependent 
changes in the target displacement angles VTT1 , VTT2, 
the displacement angles VT1, VT2, the oil amount Ql 
supplied to the intake WT 13, and the oil amount Q2 
supplied to the exhaust WT 14. The ECU 16 executes 
the individual processes in the WT control routine 
every predetermined control cycle after starting the 
engine 10. Timings t1 , t2, t3, t4 in the diagram show rep- 
resentative control timings. 

As shown in Figure 10, when the target displace- 
ment angles VTTl, VTT2 are set at 4a at the timing tl , 
the ECU 16 computes the deviations AVT1, AVT2 as a 
predetermined value 2a (= 4a - 2a). 

The ECU 16 then computes the compensation 
deviations AVTK1, AVTK2 corresponding to the devia- 
tions AVT1, AVT2, respectively. In this case, the ECU 16 
computes the compensation deviation AVTKI corre- 
sponding to the deviation AVT1 (= 2a) as 3a. The ECU 
16 also computes the compensation deviation AVTK2 
corresponding to the deviation AVT2 (= 2a) as a, as 
shown in Figure 6. 

Since the absolute value |AVTK1 1 of the compensa- 
tion deviation AVTK1 is equal to or greater than the 
absolute value |AVTK2| of the compensation deviation 


AVTK2 (i-e.. |AVTK1| = 3a^|AVTK2|=a). the ECU 
16 sets the final deviation AVTFIN1 to a value of 3a, 
which is equal to the compensation deviation AVTK1. 
The ECU 1 6 also sets the f inal deviation AVTFIN2 to aJ3 

s in accordance with the equation (1). Afterwards, the 
ECU 16 computes the duty ratios DVT1. DVT2 accord- 
ing to the final deviations AVTFIN1 (= 3a), AVTFIN2 (= 
a/3), and sends the exciting signals VS1, VS2 corre- 
sponding to the duty ratios DVT1 , DVT2 to the OCVs 60, 

w 80, respectively. 

In this embodiment, the final deviation AVTFIIM1 is 
set greater than the final deviation AVTFIN2 
(AVTFIN1 =3a and AVTFIN2 = a/3) even when the 
deviations AVT1, AVT2 are equal to each other 

15 (AVT1 = AVT2 = 2a ). The duty ratio DVT1 of the excit- 
ing signal VS1 output to the intake OCV 60 therefore 
becomes greater than the duty ratio DVT2 of the excit- 
ing signal VS2 output to the exhaust OCV 80. As shown 
in Figures 8(b) and 8(e), the oil amount Ql supplied to 

20 the intake WT 1 3 becomes greater than the oil amount 
Q2 supplied to the exhaust WT 1 4 at the timing t1 . 

Consequently, as shown in Figures 8(c) and 8(f), 
the displacement angle VT1 increases at an altering 
rate that is greater than that of the displacement angle 

25 VT2 so that the alteration of the valve timing of the 
intake valve 23 is given priority over the alteration of the 
valve timing of the exhaust valve 24. Between timings t1 
and t2, the oil amount Q1 supplied to the intake WT 13 
is greater than the oil amount Q2 supplied to the 

30 exhaust WT 14. This advances the valve timing of the 
intake valve 23. 

Between timings tl and t2„ an increase in the dis- 
placement angles VT1 , VT2 decreases the difference 
between the compensation deviations AVTK1, AVTK2. 

35 This enables the compensation deviations AVTK1, 
AVTK2 to eventually coincide with each other. More 
specifically, when the displacement angles VT1, VT2 
respectively become 3.5a and 2.5a (VT1 = 3.5a and 
VT2 = 2.5a) at the timing t2 f the ECU 16 computes the 

40 deviations AVT1, AVT2 as 0.5a. 1.5a (AVT1 =0.5a, 
AVT2 = 1 5a), respectively. The ECU 16 then com- 
putes the compensation deviations AVTKI , AVTK2 cor- 
responding to the deviations AVT1 , AVT2 as 0.75a. 
Consequently, the ECU 16 sends the exciting sig- 

45 nals VS1 , VS2 corresponding with the duty ratios DVT1 , 
DVT2 to the OCVs 60. 80, respectively This equalizes 
the oil amounts Q1, Q2 supplied to the WTs 13, 14, 
respectively, and advances the valve timings at an equal 
altering rate. 

so In the period starting from the timing t2, the com- 
pensation deviations AVTK1, AVTK2 become equal to 
each other and the same amount of oil is supplied to the 
WTs 13, 14. As the deviations AVT1, AVT2 decrease, 
the duty ratios DVT1 , DVT2 decrease, as shown in Flg- 

55 ure 7. This gradually decreases the oil amounts Ql , Q2 
supplied to the WTs 1 3, 14. 

At the timing t3, the displacement angle VT1 of the 
intake camshaft 11 reaches the target displacement 
angle VTTl (4a) and the deviation AVT1 and the com- 


8 


15 


EP 0 808 997 A1 


16 


pensation deviation AVTK1 both become "0". Therefore, 
the ECU 16 sets the final deviation AVTFIN1 as "0". 
Since the value of the duty ratio DVT1 is set as the value 
of the sustaining duty ratio DVTH, the oil amount Q1 
supplied to the intake VVT 13 becomes "0". 5 

During the period between the timings t3 and t4, oil 
is supplied only to the exhaust VVT 14. Thus, only the 
valve timing of the exhaust valve 24 is varied. At the tim- 
ing t4, the displacement angle VT2 of the exhaust cam- 
shaft 12 reaches the target displacement angle VTT2 (= io 
4a). As a result, the duty ratios DVT1, DVT2 are set to 
the sustaining duty ratio DvTH after the timing t4. this 
maintains the current valve timings. 

The solid line in Figure 9 is a characteristic curve 
indicating the relationship between the displacement is 
angles VT1, VT2 in the above-described example. 
Points A, C, D and B on this curve correspond to the 
states of the displacement angles VT1 , VT2 at the tim- 
ings tl to t4. The displacement angles VT1 , VT2 vary 
along the characteristic curve proceeding in the order of 20 
points A, C, D, B. 

The dotted lines in Figure 9 indicate equal torque 
lines. When displacement angles VT1, VT2 change 
along the equal torque lines, the change in the output 
torque of the engine 1 0 is small. When the displacement 25 
angles VT1, VT2 change in a manner exceeding the 
equal torque line, the output torque of the engine 10 
changes greatly. 

The double-dotted line in Figure 9 is a characteristic 
curve indicating the relationship between the displace- 30 
ment angles VT1, VT2 in a comparative example. The 
comparative example differs from the preferred embod- 
iment in that the deviations AVT1, AVT2 are processed 
equally. 

As apparent from the solid line in Figure 9, priority 35 
is given to altering the displacement angle VT1 of the 
intake camshaft 1 1 between points A and C (between 
the timings tl and t2). Therefore, the characteristic 
curve (the solid line) in this embodiment is inclined from 
the characteristic curve (the double-dotted line) of the 40 
comparative example, in which the altering rates of the 
displacement angles VT1 , VT2 are equal to each other. 
Furthermore, between points A and C, the characteris- 
tic curve of the preferred embodiment extends substan- 
tially perpendicularly with respect to the equal torque 45 
lines. 

Figure 10 shows a graph indicating time-dependent 
changes in the output torque of the preferred embodi- 
ment and the comparative example. The solid line 
shows time-dependent changes in the output torque of so 
the preferred embodiment while the double-dotted line 
shows time-dependent changes in the output torque of 
the comparative exampla 

As apparent from the Figure 1 0, the output torques 
of both the preferred embodiment and the comparative ss 
example increase from the initial torque TO at timing t1 
to the target torque TTRG at timing t4. 

In the comparative example, the output torque 
increases in a linear manner as time elapses. In com- 


parison, the output torque increases at a greater alter- 
ing rate between timings t1 to t2 in the preferred 
embodiment This is because the characteristic curve 
(the solid line) showing the relation between the dis- 
placement angles VT1, VT2 traverses the equal torque 
fines substantially perpendicularly, as shown in Fig. 9, 
when the characteristic curve changes from the state 
indicated by point A to the state indicated by point C 
(between the timings t1 and t2). 

In the preferred embodiment, the output torque 
reaches the target torque TTRG earlier than in the com- 
parative example. For example, the output torque 
requires time At2 from the timing t1 to reach a predeter- 
mined value Tl in the comparative example. In compar- 
ison, the output torque requires a shorter time At1 to 
reach the predetermined value Tl. 

The foregoing describes the case where the devia- 
tions AVT1 and AVT2 become equal to each other. A 
description will now be given of the case in which the 
deviation AVT2 of the exhaust camshaft 12 is greater 
than the deviation AVT1 of the intake camshaft 1 1 at the 
timing t1 while the condition in step 105 is not satisfied 
(e.g., when AVT1 » 0.5a and AVT2 = 2a). In this 
case, since the final deviation AVTFIN1 of the intake 
camshaft 11 is computed from the equation (2) as a 
smaller value, the alteration of the valve timing of the 
exhaust valve 24 is given priority over the alteration of 
the valve timing of the intake valve 23. 

The reason for giving priority to the alteration of the 
valve timing of the exhaust valve 24 when the condition 
in step 105 is not fulfilled will now be described. As men- 
tioned above, the valve timing of the intake valve 23 
contributes more to improving the output torque of the 
engine 10 than the valve timing of the exhaust valve 24. 
When the absolute value |AVTFIN1| of the final devia- 
tion AVTFIN1 is small, the duty ratio DVT1 is computed 
as a small value, as shown in Figure 7, so that the 
speed of changing the valve timing of the intake valve 
23 becomes slower. In this case, if priority is given to the 
alteration of the valve timing of the intake valve 23, the 
rate of increase of the output torque is decreased. 

In this embodiment, the absolute values |AVTFIN1|, 
|AVTFIN2| of the final deviations AVTFIN1 , AVTFIN2 are 
compared with each other to determine whether the 
altering speed of the valve timing of the intake valve 23 
is slow enough. If it is determined that this speed is slow 
enough, priority is given to the alteration of the valve 
timing of the exhaust valve 24 over the alteration of the 
valve timing of the intake valve 23. This prevents the 
rate of increase of the output torque from becoming 
slower. 

Although the foregoing description has been given 
of the case where the displacement angles VT1, VT2 
are both increased (the valve timings are advanced), 
the valve timing of one of the valves 23, 24, which 
increases the rate of increase in the output torque of the 
engine 10, is given priority even when the displacement 
angles VT1. VT2 are both decreased (the valve timings 
are delayed) or in the case where one of the displace- 
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ment angles VT1. VT2 increases while Ihe other dis- 
placement angle decreases. 

As apparent from above, in this embodiment, the 
absolute values |AVTK1|, |AVTK2| of the compensation 
deviations AVTK1, AVTK2 are compared with each 5 
other to accurately select the valve timing of either the 
valve 23 or the valve 24, whichever contributes more to 
increasing the output torque. Accordingly, the amount of 
oil supplied to the other (unselected) WT 13,1 4 used to 
vary the valve timing is restricted. io 

This permits a sufficient amount of oB to be sup- 
plied from the oil pump 62 to the WT 1 3 or WT 1 4 that 
varies the selected valve timing. This enables the valve 
timing to be altered at a faster speed. It is thus possible 
to increase the output torque of the engine 1 0 to the tar- is 
get torque at an earlier time. This improves the respon- 
siveness of the valve timing control. 

Furthermore, the preferred embodiment does not 
require the enlargement of the oil pump 62 unfike a 
structure designed to increase the discharge perform- 20 
ance of the oil pump 62 in order to acquire the same 
responsiveness. A substantial decrease in the output 
torque of the engine 1 0, which would be caused by driv- 
ing an oil pump 62 with a larger discharge performance, 
is also avoided in this embodiment. 2s 

Additionally, the preferred embodiment improves 
the output torque of the engine 10 merely by changing 
the control of the OCVs 60, 80. Unlike a structure which 
requires a separate oil pump to actuate the WTs 13, 
14, the preferred embodiment therefore avoids an 30 
increase in the cost of the control apparatus. 

Second embodiment 

A second embodiment according to the present 35 
invention will now be described with reference to Fig* 
ures 11, 12 and 14. In this embodiment, several proc- 
esses in the WT control routine differ from the first 
embodiment. The camshafts 11, 12, the WTs 13. 14. 
and the OCVs 60. 80 have the same structures as those 40 
of the first embodiment. 

Figure 1 1 shows a flowchart illustrating the WT 
control routine. To avoid redundant description, same 
numerals are given to those steps that are the same as 
the corresponding steps in the WT control routine of 45 
the first embodiment, which is shown in Figure 5. 

In this routine, the ECU 16 proceeds to step 200 
after executing the steps 100 to 102. 

In step 200, the ECU 1 6 subtracts the displacement 
angles VT1 , VT2 from the target displacement angles so 
VTT1, VTT2 to compute the final deviations AVTFIN1 , 
AVTFIN2, respectively. 

In step 201, the ECU 16 determines whether the 
absolute value ]AVTFIN1 1 of the final deviation AVTFIN1 
of the intake camshaft 1 1 is greater than a first determi- 55 
nation value AJVT1. If this condition is fulfilled 
flAVTFINI 1 > AJVT1), the ECU 16 proceeds to step 202. 

In step 202, the ECU 16 computes the duty ratio 
DVT1 in accordance with the final deviation AVTFIN1 


and sets the value of the duty ratio DVT2 as the value of 
the sustaining duty ratio DVTH (50%). When computing 
the duty ratio DVT1, the ECU 16 refers to the function 
data shown in Figure 7. 

When the condition in step 201 is not fulfilled 
(|AVTFIN1| z AJVT1), the ECU 16 proceeds to step 203. 

In step 203, the ECU 16 determines whether the 
absolute value |AVTFIN2| of the final deviation AVTFIN2 
is greater than a second determination value AJVT2. If 
this condition is satisfied (|AVTFIN2| > AJVT2), the ECU 
1 6 proceeds to step 204. 

In step 204, the ECU 16 sets the value of the duty 
ratio DvTI as the value of the sustaining duty ratio 
DVTH (50%) and computes the duty ratio DVT2 in 
accordance with the final deviation AVTFIN2. When 
computing the duty ratio DVT2, the ECU 16 refers to the 
function data shown in Figure 7. 

If the condition in step 203 is not fulfilled (|AVTFIN2| 
<; AJVT2), the ECU 16 proceeds to step 205. 

In step 205, the ECU 16 computes the duty ratios 
DVT1, DVT2 in accordance with the final deviations 
AVTFIN1, AVTFIN2. During the computation, the ECU 
1 6 refers to the function data shown in Figure 7.* 

After executing steps 202, 204, and 205, the ECU 
16 proceeds to step 108 and then temporarily termi- 
nates the routine after execution of step 108. 

In this routine, the first determination value AJVT1 
is a value for determining whether or not priority should 
be given to the alteration of the valve timing of the intake 
valve 23 when varying the valve timings of the intake 
valve 23 and the exhaust valve 24. 

On the other hand, the second determination value 
AJVT2 is a value for determining whether or not priority 
should be given to the alteration of the valve timing of 
the exhaust valve 24 when changing the valve timings. 
The ECU 16 compares the determination values 
AJVT1, AJVT2 with the absolute values |AVTFIN1|, 
|AVTFIN2| of the final deviations AVTFIN1, AVTFIN2, 
respectively, to determine which valve timing should be 
given priority then changing the valve timings. 

Figure 12 shows a graph for explaining which valve 
timing should be given priority when changing the valve 
timings of the intake valve 23 and the exhaust valve 24. 

In Figure 12, priority is given to the valve timing of 
the intake valve 23 when the absolute value |AVTFIN1| 
of the final deviation AVTFIN1 is included in range R1, 
which includes values greater than the first determina- 
tion value AJVT1 . Priority is not given to the valve timing 
of the exhaust valve 24 in range R1 . 

Priority is given to the valve timing of the exhaust 
valve 24 when the absolute value |AVTFIN2| of the final 
deviation AVTFIN2 is included in range R2. which 
includes values greater than the second determination 
value AJVT2. Priority is not given to the valve timing of 
the intake valve 23 in range R2. 

the valve timings are altered based on the duty 
ratios DVT1 , DVT2, which are computed in accordance 
with the final deviations AVTFIN1, AVTFIN2. respec- 
tively, in range R3, which excludes ranges R1, R2. 
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In this embodiment the first determination value 
AJVT1 is set smaller than the second determination 
value AJVT2 (JVT1 < JVT2). Accordingly, range R1, in 
which priority is given to the valve timing of the intake 
valve 23, is set over a wider range than the other ranges 
R2, R3. as shown in Figure 12. 

When the absolute values |AVTFIN1|, |AVTFIN2| of 
the final deviations AVTFIN1, AVTFIN2 are equal to 
each other at point A in Figure 12 
(|AVTFIN1| = |AVTFIN2| = a), only the valve timing of 
the intake valve 23 is altered. 

As mentioned above, the valve timing of the intake 
valve 23 contributed more to improving the output 
torque of the engine 10 than the valve timing of the 
exhaust valve 24. Thus, in this embodiment, the output 
torque of the engine 10 is enhanced by setting the first 
determination value JVT1 smaller than the second 
determination value JVT2 by giving priority to the alter- 
ation of the valve timing of the intake valve 23 over the 
alteration of the valve timing of the exhaust valve 24. 

The operation of this embodiment will now be 
described when the displacement angles VT1, VT2 of 
both camshafts 11,12 sustained at the same predeter- 
mined value a are increased to the target displacement 
angles VTT1, VTT2, which are equal to each other 
(VTT1 a VTT2 = 0). In this case, the absolute values 
|AVTFIN1|, |AVTFIN2| of the final deviations AVTFIN1, 
AVTFIN2 vary in the order of the states indicated by 
points A, B, C, D, and E. 

Figure 1 4 is a timing chart showing time-dependent 
changes of the target displacement angles VTT1 , VTT2, 
the displacement angles VT1, VT2, the oil amount Q1 
supplied to the intake WT 13, and the oil amount Q2 
supplied to the exhaust WT 14. 

As shown in the Figure 14, the target displacement 
angles VTT1 , VTT2 are changed to the predetermined 
value p at timing t1 . At this time (at the state shown by 
the point A in Figure 12), the absolute value |AVTFIN1| 
of the final deviation AVTFIN1 is greater than the deter- 
mination value AJVT1. Thus, the ECU 16 computes the 
duty ratio DVT1 according to the final deviation 
AVTFIN1 and sets the duty ratio DVT2 to the sustaining 
duty ratio DVTH. 

The ECU 16 then controls the OCVs 60, 80 based 
on the exciting signals VS1 , VS2 corresponding to the 
duty ratios DVT1 , DVT2, respectively Thus, although oil 
is not supplied to the exhaust WT 14, oil amount Q1 is 
supplied to the intake WT 13, as shown in Figures 
14(c) and 14(e). As a result, only the displacement 
angle VT1 of the intake camshaft 11 is increased to 
advance the valve timing of the Intake valve 23 as 
shown in Figures 14(b) and 14(d). Between the timings 
t1 and t2, only the valve timing of the intake valve 23 is 
changed. 

At timing t2, the absolute values |AVTFIN1|, 
|AVTFIN2| of the final deviations AVTFIN1, AVTFIN2 
come to the states indicated by the point B in Figure 12. 
Thus, the absolute value |AVTFIN1| of the final deviation 
AVTFIN1 becomes equal to the first determination value 


AJVT1. Consequently, the ECU 16 sets the value of the 
duty ratio DVT1 as the value of the sustaining duty ratio 
DVTH and computes the duty ratio DVT2 according to 
the final deviation AVTFIN2. 

5 The ECU 16 then controls the OCVs 60, 80 based 

on the exciting signals VSl , VS2, which correspond to 
the duty ratios DVT1, DVT2. Aocorcfingly, the oil amount 
Q1 supplied to the intake WT 13 is decreased to "0" 
while the oil amount Q2 supplied to the exhaust WT 14 

10 is increased, as shown in Figures 14(c) and (e). As a 
result, the displacement angle VT2 of the exhaust cam- 
shaft 1 2 is increased to advance only the valve timing of 
the exhaust valve 24 as apparent from Figures 14(b) 
and (d). Tnat is, only the valve timing of the exhaust 

is valve 24 is changed between the timings t2 and t3. 

Between the timings tl and t2, only the valve timing 
of the intake valve 23 is changed so that the absolute 
value |AVTFIN1| of the final deviation AVTFIN1 is 
decreased to be equal to the determination value 

20 AJVT1, as shown in Figure 12. As the absolute value 
JAVTFIN1| decreases, the duty ratio DVT1 is set to a 
smaller value, as shown in Figure 7. This reduces the oil 
amount Ql supplied to the intake WT 13. Conse- 
quently, the rate of altering the valve timing of the intake 

25 valve 23 becomes slower. This reduces the rate of 
increasing the output torque 

Therefore, in this embodiment, the WT to which oil 
is supplied from the oil pump 62 is switched to the 
exhaust WT 14 from the intake WT 13 to give priority 

30 to the alteration of the valve timing of the exhaust valve 
24. This permits the output torque to be increased more 
than that in the case where priority is given to the alter- 
ation of the valve timing of the intake valve 23. 

As shown in Figure 12, between the timings t2 and 

35 t3, the absolute values |AVTFIN1 1 and |AVTFIIM2| of the 
final deviations AVTFIN1 and AVTFIN2 proceed from 
point C to point B. As a result, the ECU 1 6 computes the 
duty ratios DVT1 , DVT2 according to the respective final 
deviations AVTFIN1, AVTFIN2 at timing t3. 

40 The ECU 16 then controls the OCVs 60. 80 based 
on the exciting signals VSl , VS2, which correspond to 
the duty ratios DVT1, DVT2, respectively. Accordingly 
the predetermined oil amounts Ql, Q2 are supplied to 
the WTs 13, 14, respectively, as apparent from Figures 

45 14(c) and 14(e). As a result, both displacement angles 
VT1 , VT2 are increased to advance the valve timings of 
the valves 23, 24, as shown in Figures 14(b) and 14(d). 
That is, between the timings t3 and t4, the valve timings 
of both valves 23 and 24 are changed. 

so The changes in the oil amounts Ql and Q2 indi- 
cated by the double-dotted line in Figures 14(c) and 
1 4(e) show changes in the oil amounts Ql and Q2 when 
oil is supplied to only one of the WTs 13, 14. As appar- 
ent from Figures 14(c) and 14(e), the oil amounts Ql, 

55 Q2 supplied to the WTs 13, 14 (both indicated by the 
solid lines) are smaller than the oil amounts indicated by 
the double-dotted lines In this embodiment. The reason 
for this phenomenon will now be described. 

In this embodiment oil is supplied to the WTs 13, 
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14 from the common oil pump 62. Thus, in the period 
starting at timing t3, the oil pumped out from the pump 
62 is distributed to the WTs 13. 14. As a result, the oil 
amounts Q1, Q2 supplied to the WTs 13. 14 are 
reduced. $ 

At timing t4, the final deviations AVTFIN1 and 
AVTFIN2 come to the states at the point D in Figure 12 
so that the final deviation AVTFIN1 becomes "0". That 
is, the displacement angle VT1 of the intake camshaft 
1 1 reaches the targ et displacement ang le VTT1 (= p) as w 
indicated in Figure 14(c). The ECU 16 therefore sets the 
value of the duty ratio DVT1 as the value of the sustain- 
ing duty ratio DVTH. Consequently, the oil amount Q1 
supplied to the intake WT 1 3 becomes "0", as shown in 
Figure 14(b). Thus, during the period between timings is 
t4 and t5, the valve timing of the intake valve 23 is sus- 
tained at the current timing while only the valve timing of 
the exhaust valve 24 is advanced. 

As shown in Figure 12, at timing t5, the final devia- 
tions AVTFIN1, AVTFIN2 proceeds, to point E so that 20 
both final deviations AVTFIN1. AVTFIN2 become "0". 
That is, the displacement angles VT1, VT2 of the cam- 
shafts 11, 12, respectively, reach the associated target 
displacement angles VTT1, VTT2 (= p), as shown in 
Figures 1 4 (b) and 1 4(d). Consequently, the oil amounts 25 
Q1, Q2 of oil supplied to the WTs 13, 14 become "0". 
Therefore, the valve timings of the valves 23 and 24 are 
sustained at the current timings. 

The double-dotted line in Figure 14(f) indicates 
changes in the absolute values |AVTFIN1 1, |AVTFIN2| of so 
the final deviations AVTFIN1, AVTFIN2, respectively, in 
the comparative example that is compared to this 
embodiment. In the comparative example, the absolute 
values IAVTFIN1 1, |AVTFIN2| are linearly changed to the 
state indicated by point E from the state indicated by 35 
point A in Figure 12. 

More specifically, the oil discharged from the oil 
pump 62 is equally distributed to the WTs 13, 14 in the 
comparative example. The amount of oil supplied to the 
WTs 1 3, 1 4 become relatively smaller than in the case 40 
which oil is supplied to only one of the WTs 1 3, i 4. This 
slows the valve timing altering speed in comparison to 
when only one valve timing is altered. 

However, in this embodiment, oil is supplied only to 
either one of the intake WT 13 or the exhaust WT 14 4S 
between the timings tl and t3. Thus, sufficient amount 
of oil is supplied to both WTs 13. 14. This embodiment 
enables the valve timings to be altered at sufficiently 
fast rates, and thus increases the output torque of the 
engine 1 0 more than in the comparative example so 

Accordingly, as apparent from Figure 14(f), this 
embodiment allows the output torque of the engine 10 
to reach the target output torque TTRG more quickly 
than the comparative example (change in the output 
torque is indicated by the double-dotted line). It is thus 55 
possible to improve the responsiveness of the valve tim- 
ing control. 

Further, according to this embodiment, the absolute 
values |AVTFIN1|, |AVTFIN2| of the final deviations 


AVTFIN1. AVTFIN2 are respectively compared with 
determination values AJVT1, AJVT2 to accurately 
select the valve timing of either the valve 23 or the valve 
24, whichever contributes more to increasing the output 
torque more significantly. Oil is then supplied to only 
one of the WTs 13, 14 so that the priority is given only 
to the selected valve timing. It is thus possible to supply 
a sufficient amount of oil to one of the WTs 13, 1 4 from 
the oil pump 62. This allows the selected valve timing to 
quickly increase the output torque of the engine 10. 

Although only two embodiments of the present 
invention have been described herein, it should be 
apparent to those skilled in the art that the present 
invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
invention. Particularly, it should be understood that the 
invention may be embodied in the fbDowing forms. 

In the above-described embodiments, when con- 
trolling the individual valve timings, priority is given to 
the valve timing that increases the output torque of the 
engine 10 more. Instead of this structure, among the 
two valve timings, the valve timing that contributes more 
to suppressing the deterioration of emission may be 
selected and given priority for alteration. Likewise, the 
valve timing that contributes more to improving various 
characteristics of the engine 10, such as the fuel con- 
sumption and the idling stability, may be selected and 
given priority. 

In the above-described embodiments, the valve 
timings of opening and closing both valves 23, 24 are 
changed. Instead, the valve performance control appa- 
ratus according to this invention may be adapted to an 
engine whose WTs are designed to change only the 
timings of opening both valves 23 and 24 or only the tim- 
ings of closing both valves 23 and 24. 

In the first embodiment, the compensation devia- 
tions AVTK1, AVTK2 corresponding to the deviations 
AVT1 , AVT2 are computed based on the function data 
shown in Figure 6. The relation between the deviations 
AVT1, AVT2 and the compensation deviations AVTK1, 
AVTK2 may be stored as a function map in the ROM 86 
for each engine speed NE and each manifold pressure 
PM. This enables the compensation deviations AVTK1, 
AVTK2 corresponding to the deviations AVT1 , AVT2 to 
be computed based on the function map. 

In the first embodiment, the valve timing of the 
intake valve 23 is changed by giving priority to the devi- 
ation AVT1 of the intake camshaft 1 1 when computing 
the compensation deviations AVTK1 , AVTK2 from the 
deviations AVT1, AVT2, respectively. Function data as 
shown in Figure 13 may however be stored in the ROM 
86 so that the duty ratios DVTi and DVT2 are calculated 
based on this function data. 

In Figure 13, the solid line shows the relation 
between the final deviation AVTFIN1 and the duty ratio 
DVT1, and the single-dotted line shows the relation 
between the final deviation AVTFIN2 and the duty ratio 
DVT2 As the duty ratios DVTI. DVT2 are computed 
based on the function data, the duty ratio DVT1 for con- 
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trolling the intake CCV 60 is computed to be greater 
than the duty ratio DVT2 for contronirtg the exhaust OCV 
80 even when the final deviations AVTFIN1, AVTFIN2 
are the same. This further embodiment therefore 
changes the valve thing of the intake valve 23 by giving 5 
priority to the valve 23 that contributes more to increas- 
ing the output torque of the engine 1 0 in the see manner 
as the first embodiment 

Therefore, the present examples and embodiments 
are to be considered as illustrative and not restrictive 10 
and the invention is not to be limited to the details given 
herein, but may be modified within the scope of the 
appended claims. 

An apparatus for controlling valve performance of 
an internal combustion engine. The apparatus includes is 
a first changing means for changing the valve perform- 
ance of an intake valve. The first changing means is 
actuated by fluid pressure. A second changing means 
changes the valve performance of an exhaust valva 
The second changing means is actuated by the fluid 20 
pressure. A fluid source is connected with the first 
changing means and the second changing means to 
supply fluid to the first changing means and the second 
changing means. An adjusting means adjusts the 
amount of the fluid supplied from the fluid source to the 25 
first changing means and the second changing means. 
A detecting means detects the running condition of the 
engine. A control means controls the adjusting means 
to change each valve performance so as to coincide the 
engine torque with the desired engine torque. The con- 30 2. 
trol means includes selecting means for selecting one of 
the valves based on the detected running condition of 
the engine. The selected valve is capable of coinciding 
the engine torque with the desired torque faster than the 
other one of valves to allow a larger amount of the fluid ss 
supplied to one of the changing means that is associ- 
ated with the selected valve than the other one of the 
changing means 

Claims 40 

1 . An apparatus for controlling a valve performance for 
an internal combustion engine, said engine having 
a combustion chamber communicating with an air 
intake passage and an air exhaust passage, said 45 
intake passage having an air intake valve that is 
selectively open and closed to control airflow pass- 
ing in the intake passage to the combustion cham- 
ber, said exhaust passage having an air exhaust 3. 
valve that is selectively open and closed to control so 
exhaust gas flow passing in the exhaust passage 
from the combustion chamber, each of said valves 
being actuated by a camshaft based on valve per- 
formance affecting opening and closing timing and 
a lift amount of the valve, said apparatus compris- ss 
ing: 

first changing means for changing the valve 
performance of the intake valve, said first 


changing means being actuated by fluid pres- 
sure; 

second changing means for changing the valve 
performance of the exhaust valve, said second 
changing means being actuated by the fluid 
pressure; 

a fluid source connected with the first changing 
means and the second changing means to 
supply fluid to said first changing means and 
said second changing means; 
means for adjusting amount of the fluid sup- 
plied from the fluid source to said first changing 
means and said second changing means; 
means for detecting the running condition of 
the engine; and 

means for controlling said adjusting means to 
change each valve performance so as to coin- 
cide the engine torque with desired engine 
torque, said control means include, means for 
selecting one of the valves based on the 
detected running condition of the engine, said 
selected valve being capable of coinciding said 
engine torque with desired torque faster than 
the other one of valves to allow larger amount 
of the fluid supplied to one of the changing 
means that is associated with the selected 
valve than the other one of the changing 
means. 

The apparatus an set forth in Claim 1 , wherein said 
control means includes: 

first computing means for computing target 
valve performances of the intake valve and the 
exhaust valve based on the detected running 
condition of the engine; 
second computing means for computing a first 
deviation existing between said target valve 
performance and said valve performance relat- 
ing to the intake valve, a second deviation 
existing between said target valve performance 
and laid valve performance relating to the 
exhaust valve; and 

said selecting means selecting one of the 
valves capable of changing the engine torque 
at a larger degree than the other one of the 
valve. 

The apparatus as set forth in Claim 2, wherein said 
selecting means includes, 

means tor respectively multiplying said devia- 
tions by predetermined compensation coeffi- 
cients; 

means for setting one of said compensation 
coefficients larger than the other one of said 
compensation coefficients, said one of the 
compensation coefficients relates to the engine 
torque changed at the larger degree; and 
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means for specifying one of the valves with the 
larger deviation multiplied by the predeter- 
mined coefficient 

4. The apparatus as set forth in Claim 3, wherein said 5 
control means controls the adjusting means to 
increase the amount of fluid supplied to the chang- 
ing means that changes the specified valve in pro- 
portion to the deviation multiplied by the 
predetermined coefficient 10 

5. The apparatus as set forth in Claim 1 , wherein said 
control means operates one of the changing means 
to supply the fluid to the associated valve, and 
wherein said control means operates the other one is 
of the changing means to stop supplying the fluid to 

the associated valve. 

6. The apparatus as set forth in Claim 2, wherein said 
selecting means includes: 20 

means for respectively comparing the devia- 
tions to predetermined reference values; 
means for setting one of said reference values 
smaller than the other one of said reference 25 
values, said one of the reference values relates 
to the engine torque changed at the larger 
degree; and 

means for specifying one of the valves capable 
of changing the engine torque at the larger 30 
degree when the deviation relating to one of 
the valves is larger than the reference value 
and the deviation relating to the other one of 
valve is smaller than the reference value. 

35 

7. The apparatus as set forth in Claim 1 further com- 
prising: 

said first changing means changing the open 
and close timing of the intake valve; and 40 
said second changing means changing the 
open and close timing of the exhaust valve. 

8. The apparatus as set forth in Claim 4 further com- 
prising: > 45 

said first changing means being arranged to 
selectively advance and retard the open and 
close timing of the intake valve; and 
said second changing means being arranged so 
to selectively advance and retard the open and 
close timing of the exhaust valve. 

9. The apparatus as set forth in Claim 5 further com- 
prising: 55 

a first camshaft for selectively opening and 

closing the intake valve; and 

a second camshaft for selectively opening and 


closing the exhaust valve: 

wherein said first changing means 
changes a rotation phase of the first camshaft 
to cause a change of the open and dose timing 
of the intake valve, and wherein said second 
changing means changes a rotation phase of 
the second camshaft to cause a change of the 
open and close timing of the exhaust valve. 

1 0. The apparatus as set forth in Claim 6, wherein said 
first changing means includes: 

a first rotating body coupled to the crankshaft; 
a second rotating body disposed in the first 
rotating body and coupled to the first camshaft; 
a first actuating member disposed between the 
first rotating body and the second rotating body 
and axial ly movable with respect to the first 
camshaft to change the rotation phase of the 
first camshaft with respect to the rotation phase 
of the crankshaft; and 

a first pressure chamber and a second pres- 
sure chamber disposed adjacent to each other 
with respect the first actuating member to axi- 
ally shift the first actuating member; 
and wherein said second changing means 
includes: 

a third rotating body coupled to the crank- 
shaft; 

a fourth rotating body disposed in the third 
rotating body and coupled to the second 
camshaft; 

a second actuating member disposed 
between the third rotating body and the 
fourth rotating body and axially movable 
with respect to the second camshaft to 
change the rotation phase of the second 
camshaft with respect to the rotation phase 
of the crankshaft; and 
a third pressure chamber and a fourth 
pressure chamber disposed adjacent to 
each other with respect the second actuat- 
ing member to axially shift the second 
actuating member. 

1 1 . The apparatus as set forth in Claim 1 , wherein said 
detecting means includes: 

a first sensor for detecting engine speed; and 
a second sensor for detecting amount of the air 
supplied to the engine. 

12. The apparatus as set forth In Claim 1 further com- 
prising: 

a first fluid passage connecting the first chang- 
ing means with the fluid source to allow the 
fluid to flow therein to the first changing means 
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from the fluid source; 

a second fluid passage connecting the second 
changing means with the fluid source to allow 
the fluid to flew therein to the second changing 
means from the fluid source; and 
said adjusting means including a valve for dis- 
tributing the fluid to the first fluid passage and 
the second fluid passage, said valve being 
actuated by a signal from the control means. 
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